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Abstract: A complete longitudinal profile from the continental shelf break to the basin floor includes a significant and well-exposed
turbidite system at the northern edge of the Adana Basin, one of a series of foreland basins in southern Turkey. This study focused on
the evolutionary interpretation of 2 coeval submarine fans, the Western Fan and the Eastern Fan, in the Upper Burdigalian–Lower
Serravallian Cingöz Formation. The Western Fan was fed by a single major canyonised feeder from the west, and the Eastern Fan was
fed by multiple feeder channels to the north. The Western Fan originated as a confined system with 2 depositional styles of frontal splay
development: a) elongate tongue-shaped bodies, extending at least 15 km downdip, and b) radial, lobe-shaped bodies. The Eastern Fan
has a more complex internal structure than the Western Fan. In this study, a total of around 952 palaeocurrent measurements were
obtained from specified sedimentary structures in exposures from 42 localities. These data showed that a portion of the Eastern Fan was
deposited on top of the eastern extension of the Western Fan. Subsequently, the buried Western Fan acted as a submarine topographic
high during the deposition of the final phases of the Eastern Fan, changing the direction of the currents forming the lobes of the final
phase from the southwest to the east. The submarine topography had a crucial effect on the development of the lobe elements and
evolution of these 2 fans of the Cingöz Formation. The information learned from the study of these 2 fans can be useful to understand
their counterparts elsewhere.
Key words: Submarine fan evolution, palaeocurrent, submarine topography, diversion, sand-rich system, Cingöz Formation, Adana
Basin

1. Introduction
Submarine fans are the most significant sediment
accumulations in deep-water settings (Mutti and
Normark, 1987, 1991), reaching up to thousands of km2
(Naini and Kolla, 1982; Damuth et al., 1988; Curray et al.,
2002; Loncke et al., 2006), but only in modern deep water
environments is it possible to define the dimensions of
these fans and their relationship with the sediment source
area. Nevertheless, the recognition and identification of
the limits in these systems and their evolution is frequently
challenging (Piper and Normark, 1983; Hodgson et al.,
2006; Prélat et al., 2009). The evolution of a submarine fan
(or turbidite system) depends on a complex interplay of
allocyclic and autocyclic controls, which creates a wide
variety of styles, geometries, and architectural elements.

The controls are due to the interaction of sea level change,
local and regional tectonism, and the nature and rate of the
sediment supply (Richards et al., 1998).
The Cingöz Formation cropping out in the northern
parts of the Adana Basin in southern Turkey (Figure 1)
provides an opportunity for the study of related parts of an
extensive deposystem that include the source area, feeder
system, continental shelf, slope, and basin floor deposits.
Since the study area is located within a foreland basin,
regional and local tectonism has a significant impact
on submarine fan development (Görür, 1992; Gürbüz,
1993; Williams et al., 1995). Previous researchers, such
as Gürbüz and Kelling (1993), Williams et al. (1995) and
Satur (1999) focused their studies on tectonic evolution
and sediment supply in the study area and its vicinity. In
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Figure 1. a) Geological map of the study area (after Gürbüz and Kelling, 1993); b) N–S oriented cross-section representing the area
approximately to the north of Karaisalı showing the relationship between the 3 main formations (redrawn after Gürbüz, 1993).
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general, 2 coeval fans have been described as the Western
and Eastern fans. These researchers obtained invaluable
results regarding the interaction between these 2 fans,
boundaries and evolution based on subsurface data that
included 2D seismic, palaeocurrent analysis, well logs and
core, that supplemented additional palaeocurrent data
and sedimentary log description acquired from surface
exposures from the same formation. Overlapping and
interfingering of 2 or more fans with different feeders has
been observed on the seafloor in modern depositional
systems, such as the Rhône Neofan (NW Mediterranean)
and in the Taranaki Basin (New Zealand) (Bonnel et
al., 2005; Masalimova et al., 2016). However, there are
very few examples of this from an outcrop. Analysis
and reconstruction of the interactions of adjacent and
overlapping deep-water systems is challenging. The Cingöz
Formation provides an excellent opportunity to conduct
such investigations and examine the interaction of 2 partly
coeval submarine fan complexes. In this study, data were
obtained by mapping surfaces along new deep road cuts
through forest that had previously completely covered the
fans, which complements previous studies and allows us to
make new interpretations about the evolution of the fans
in the Cingöz Formation.
Palaeocurrent analysis is usually used to clarify the
origin and direction of sediment gravity flows. However,
by distinguishing palaeocurrent indicators from different
sedimentary structures, a more detailed analysis can be
undertaken. Differences between the behaviour of lower
and upper parts of the flow, the interaction of the flow
with the seafloor topography, and the deposition processes
within different parts of the fan can be recognised. The
main palaeocurrent indicators in turbidites are the
current ripple (and other bedform) lamination (CRLs),
flute casts and groove marks (sole marks), and clast
imbrication for high-density turbidites and debris flows.
The CRLs provide an indicator of the flow in the upper
part of the bed, representing the final phase of turbidity
current deposition, while the sole marks indicate the flow
direction when the flow passed over the substrate (Allen,
1968; Allen, 1971). Specific palaeocurrent indicators
are more common particular sedimentary facies, and
in certain facies associations, meaning they also have
palaeoenvironmental association. CRLs are very common
in thin-bedded turbidites (TBTs) formed by relatively
weaker, lower density currents in the waning parts of flows
and laterally associated with more axial flows. However,
they are either entirely absent or very difficult to recognise in
thick-bedded and coarser-grained turbidites. Accordingly,
it is possible to obtain different flow directions in TBTs
when compared to thick-bedded turbidites. Ultimately,
a very careful and precise palaeocurrent measurement
study needs to be carried out in the field, alongside other
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sedimentological investigations, to reveal the evolution of
submarine fans.
The purpose of this study was to provide a new
evolutionary interpretation of the 2 main fans recognised
with the Cingöz Formation. The study was based on a
detailed description of new exposures, revision of the
impact of observations from previously studied and
associated exposures, and a comprehensive palaeocurrent
analysis from all of the areas involved. In addition, this
study revealed how the palaeocurrent analysis method,
based on the measured bed thicknesses and flow indicator
types, can be used in interpreting the evolution of/or
interaction between fans. This study also provided a good
example of the types of fan interactions that are likely to
be found within analogous modern and ancient turbidite
systems.
2. Geological setting
Turkey is composed of 3 tectonic units: the Pontides,
Anatollides-Taurides, and Arabian Platform (Figure 2).
They were microcontinents surrounded by oceans and
are now attached along suture lines (Ketin, 1966; Okay,
2008). The Pontides, in the northernmost part of Turkey,
has Laurasia affinities (similar to the tectonic units in
central Europe). The suture Izmir-Ankara-Erzincan
marks the closure of the Neotethys and the boundary
with the Anatolides-Taurides unit (Figure 2), which has a
Gondwanan affinity (similar to units in Arabia and Africa)
and is in contact with the Arabian Platform along the
Assyrian suture (Okay, 2008).
An important event related to this study occurred
in the Miocene, marked by the closure of the Neotethys
Ocean (Yilmaz, 1993) and the collision between Arabia
and Eurasia (Dewey et al., 1973; Şengör and Yilmaz, 1981).
This event was responsible for the uplift of the source area
of the turbidites studied herein.
The Adana Basin is located in southern Turkey, very
close to the microplate triple junction (Arabian, African,
and Aegean-Anatolian) (Cipollari et al., 2013; Radeff et al.,
2015). The Adana Basin is the onshore part of the AdanaCilicia Basin (Brinkmann, 1976; Kelling et al., 1987), with
the Cilicia Basin being its offshore counterpart (Figure 3)
The Adana-Cilicia Basin is bounded to the north
and northwest by the Central Anatolian plateau, and
to the south and southeast by the Kyrenia and Misis
Mountains (Kyrenia-Misis lineament) (Figure 3). The
Misis Mountains were uplifted during the Late Miocene
(Kelling et al., 1987; Williams et al., 1995). There have been
2 suggestions regarding its inception; Kelling et al. (1987)
suggested that the Misis Mountains are a positive flower
structure related to the Late Miocene transpression (fold
and thrust belt), while Robertson et al. (2004) advocated
that the Misis Mountains resulted from a multiphase
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Figure 2. Tectonic setting of the main fragments that constitute Turkey: the Pontides, Anatolides-Taurides, and Arabian Platform. The
study area is located in the red rectangle. Adapted from Ketin (1966).

Figure 3. Tectonic map highlighting the Adana Basin and its surroundings. The red dashed line represents the Adana-Cilicia Basin
Complex. The study area, indicated by a red continuous line, is bounded by the Central Taurus Mountains from the north and the Kozan
Fault from the south. Adapted from Radeff et al. (2015).
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deformation history, not only Late Miocene thrusting, but
also strike-slip deformation in the Plio-Quaternary.
Following Cipollari et al. (2013), many different models
have been suggested for the inception of the AdanaCilicia Basin complex, which includes: 1) a pull-apart
basin related to the transform zone of the East Anatolian
Fault (Şengör et al., 1985); 2) a back-arc basin (Kelling et
al., 1987), together with 3) the Iskenderun-Latakia Basin,
which is part of the left-lateral transtensional kinematics
along the Misis-Kyrenia fault zone (Karig and Kozlu, 1990);
4) a basin created by diffuse extension (Kempler, 1994); 5)
a subsiding foreland basin, induced by the orogenic load
of the Taurides (Ünlügenç,1993; Williams et al., 1995); 6)
an extensional basin (Robertson, 1998, 2000); and 7) a
foredeep basin, created by compressional tectonics (Aksu
et al., 2005; Burton-Ferguson et al., 2005).
3. Stratigraphy
The sedimentary succession of the basin consists of
approximately 6 km of Miocene and Quaternary siliciclastic
and carbonate deposits (Burton-Ferguson et al., 2005).
The basement to the basin is represented by Palaeozoic
rocks consisting of Devonian coralline limestones and
sandstones and Permo-Carboniferous limestones, as well
as Mesozoic-aged platform carbonates and turbidites (Ilgar
et al., 2013), together with ophiolitic melange located in the
Taurus Orogenic Belt (Cipollari et al., 2013).
The Neogene fill in the Adana Basin is divided into 3
megasequences (Table 1), based on the internal seismic
character and boundary relationships (unconformities)
(Williams et al., 1995), or into pretransgressive,
transgressive, and regressive deposits (Yetiş et al., 1995;
Satur, 1999)
According to Gürbüz (1993, 1999), the relative sea
level changes in the Adana Basin fit well with the global

sea level rise and fall scheme of Mitchum et al. (1977) and
Haq et al., (1987, 1988) for the Upper Palaeogene-Neogene
(Satur, 1999). One low-frequency transgressive-regressive
cycle (~15 Ma) comprises the entire Neogene basin fill,
with high frequencies represented in the facies (Gürbüz,
1993; Ünlügenç, 1993; Satur, 1999).
Based on biostratigraphic studies and sedimentological
interpretations (Gürbüz, 1993; Nazik, 2004), the relative
sea level curve for the Adana Basin revealed a main
transgression during the Late Burdigalian-Early Langhian
and a regression in the Late Serravallian (Figure 4),
influenced by the tectonic activity in the basin. In their
research, 3 main units were studied, comprising the
Karaisalı, Kaplankaya, and Cingöz formations, with the
latter formation being the main focus of the current study.
The first deposition in the Adana Basin, unconformably
overlying Palaeozoic sediments, consists of OligoceneLower Miocene fluvial and lacustrine red beds from the
Karsantı and Gildirli formations (Schmidt, 1961; Yetiş,
1988; Ünlügenç et al., 1991; Gürbüz and Kelling, 1993)
(Figure 4). The Karsanti Formation consists of red bed
conglomerates (alluvial fan and braided river channelfills) and pebbly sandstone at the base, overlain by marls
and mudstones (lacustrine and floodplain origin) (Yetiş et
al. 1995; Radeff et al., 2015) deposited in an intramontane
basin, a precursor of the Adana Basin (Ünlügenç, 1993).
The Gildirli Formation is composed of conglomerates,
sandstones and shales arranged in a series of 2–20 m
fining-upward sequences overlain by 20–30 m of mudstone
(Yetiş, 1988; Görür, 1992).
The Kaplankaya Formation (Burdigalian-Serravallian)
consists of sandstones, siltstones, marlstones, and sandy
limestones. It has been reported that this formation was
mostly deposited in a continental slope environment
(Figure 5) and is partly coeval and topographically related

Table 1. Comparison of the stratigraphy based on megasequence (Williams et al., 1995) and regressive/transgressive cycles (Yetiş et al.,
1995), (after Satur, 1999).
Tertiary formation

Environment
(relative water depth)

Handere
Kuzgun

Terrestrial/shallow-water

Megasequence

Regressive/transgressive

Megasequence 3

Regressive

Megasequence 2

Transgressive

Güvenç
Cingöz
Kaplankaya
Karaisalı
Gildirli
Karsantı
Mesozoic
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Deep-water
Shallow-water
Terrestrial

Megasequence 1 (seismic basement)
Pretransgressive
Not resolved from seismic
Basement
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Figure 4. The stratigraphic chart of the Adana Basin, including sequence stratigraphic system tracks, showing the global sea level change
curve and the sea level change curve of the Adana Basin comparatively (red rectangle shows the studied interval). Created by integrating
data from Haq et al. (1987), Nazik and Gürbüz (1992), Gürbüz, (1993), Yetiş et al. (1995), and Ilgar et al. (2013), Modified from Satur
et al. (2007).
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Figure 5. Photos showing the lithology of the 3 basic units of the study area and their topographic position in the field: a) An eastward
view from the top elevation of the Karaisalı Formation, which consists of reefal carbonates (compare with Figure 1b); b) A photo of
the Cingöz Formation showing lobe elements of the 3 different lobes: Lobe fringe (where the scale stands), lobe off-axis (thick-bedded
stack), and lobe fringe (uppermost thin-bedded stack) from bottom to top; c) Claystone and siltstone deposits forming the Kaplankaya
Formation (slope) and turbidites from the Cingöz Formation. The image represents the first turbidites onto the sediments from the
slope.

to the Gildirli, Karaisalı, and Cingöz formations (Gürbüz
and Kelling, 1993), as it is possible to observe the contact
between them (interfingering) in the field.
The Karaisalı Formation (Figure 5) is composed
of reefal limestones (Görür, 1979; Nazik, 2004). This
formation, which has a thicknesses ranging from 20 to 350
m, persisted from the Burdigalian-Langhian or possibly
even to the Serravallian (Görür, 1979).
The Cingöz Formation (Figure 5) consists of cobbly
and pebbly sandstones to tabular sandstones, fine-grained
sediments, and mass transport deposits (Gürbüz and
Kelling, 1993) deposited during the Late Burdigalian
to Early Serravallian time interval in a deep-marine
environment (Nazik and Gürbüz, 1992). Gürbüz (1993)
suggested that the Cingöz formation accumulated over
a period of 4–5 million years and reached a thickness
of 1000–3000 m. Moreover, Frey and Pemberton (1984)
observed the presence of a Cruziana ichnofossil assemblage
in the Western Fan, indicating a eutrophic environment in
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sublittoral zones with water depths of about 200 m. In the
Eastern Fan, mixed and Nereites ichnofossil assemblages
point to a relatively oligotrophic environment in bathyal
and abyssal zones (water depth of ~500 to 5000 m).
Another formation, partly coeval to the Cingöz,
Karaisalı, and Kaplankaya formations is the Güvenç
Formation, composed of up to 2100 m of fine-grained,
deep-marine basin floor sediments deposited in the
Serravallian (Ünlügenç et al., 1991; Nazik and Gürbüz
1992; Gürbüz and Kelling 1993; Gürbüz, 1993; Ünlügenç
1993).
More detailed overviews of the stratigraphy can be
found elsewhere (Schmidt, 1961; Yetiş, 1988; Ünlügenç
et al., 1991; Gürbüz and Kelling, 1993; Yetiş et al., 1995;
Radeff et al., 2015).
3.1. The Cingöz Formation
3.1.1. Feeder systems
Previous studies have reported this turbidite system as
comprising 2 coeval submarine fans fed by 2 distinct
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feeder systems (Gürbüz, 1993; Gürbüz, 1999; Satur, 1999;
Cronin et al., 2000). The turbidity currents that formed
the Western Fan bypassed the coeval carbonate shelf
through a significant bedrock canyon, enabling sediment
transport mostly towards the east (80°–110°). The Western
Fan feeder canyon cut through the Gildirli, Karaisalı, and
Kaplankaya formations, and went deeper into Cretaceous
substrate (Görür, 1979; Yetiş, 1988; Gürbüz and Kelling,
1993; Williams et al., 1995; Satur, 1999). A further series
of channels have been mapped feeding the Eastern Fan,
which have dimensions of at least 9 km long, 3.5–4.0 km
wide, and approximately 360 m deep (Satur, 1999). Satur
(1999) reported that the feeder channels were structurally
confined features, diverting and doglegging around
subaqueous palaeotopographic highs formed tectonically
by reactivation of the basement structures.
In the proximal parts of the Western Fan, thin-bedded
sandstones along the southern margin were determined as
channel levee overbank deposits, due to the highly oblique
palaeocurrents, ranging from (90°–185°), from the axial
through-going flows to the east. The vertical proportion
of sand decreases rapidly laterally into these thin-bedded
sections. Equivalent thin-bedded levee facies are not seen
on the northern margin of the Western Fan feeder, as that
margin was significantly steeper.
Satur et al. (2007) emphasised that the Eastern Fan
has at least 4 different feeder channels (Figures 6a and
6b), a main channel (Channel 1), with a series of related
slope tributaries (Channels 2–4). The western margin of
Channel 1 is confined by continental shelf carbonates to
the north (Karaisalı Formation). Mapping of the Eastern
Fan feeder channels revealed channel widths of up to
500–600 m (Satur et al., 2004). Palaeocurrent data from
imbrication seen in clast-supported conglomerate and
pebbly sandstones, the main lithotype found within the
channel, provided a mean SSE palaeocurrent direction of
178° (Satur et al., 2007).
There are 3 channels that bypassed sediment to the
Eastern Fan. Channels 2 and 3 are the distributaries of
Channel 1, while Channel 4 is somewhat younger (Satur
et al., 2004), and the channel-fill facies are similar in all of
the channels (Satur et al., 2007).
Channel 2 is tributary to Channel 1 from the east, while
Channel 3 is located on the western margin and controlled
by faults (Figure 6c). The younger Channel 4 cuts through
these channels from west to east obliquely, with margins
controlled by faults. Deep-water lobe complexes in the
outer fan were fed by Channel 4 (Gürbüz, 1993).
3.1.2. Depositional systems
The confined turbidite system (Satur, 1999; Cronin et al.,
2000; Satur et al., 2007) of the Western Fan is characterised
by 2 depositional styles of frontal splays (or lobes): elongate
tongue-shaped bodies and radial lobe-shaped bodies.

Satur (1999) argued that these tongues formed seafloor
topography that diverted Eastern Fan turbidity currents
towards the northeast rather than to the south (Figure 7).
Elongate frontal splays are separated vertically and
laterally by 50- to 100-m-thick intervals of TBTs (Figure
7). Each frontal splay is approximately 30–40 m thick
and at least 1 km wide, with an average palaeocurrent
value of 74° (Satur et al., 2000, 2005, 2007). The radial
frontal splays were deposited above the tongues, about
10 km downdip of the head of the feeder system, and are
probably stratigraphically equivalent of the upper part of
the Western Fan (Satur, 1999).
The Eastern Fan, comprising an area of approximately
750 km2, was first described by Gürbüz and Kelling (1993)
and Gürbüz (1993). As Satur (1999) stated, these researchers
concluded that the Eastern Fan is a low-efficiency (sandrich) system with unchannelised lobes, sediment supply,
and relative sea level fluctuations (Figure 8).
3.1.3. Relations between the Eastern and Western fans
The Western and Eastern fans are distinguished by
their differing dimensions, lithotype distribution, and
ichnofacies assemblages (Table 2). Gürbüz (1993)
reported that the 2 fans to have an overlap, based on
planktonic foraminifera and ostracod biostratigraphy. In
the vicinity of the Cingöz village, where the name of the
formation originated, Satur (1999) demonstrated that the
palaeocurrent direction was towards the SW from a small
number of data points from TBTs. That location is thought
to be the area where the 2 fans overlap and interfinger, so a
more detailed study of palaeocurrents was proposed for the
broader area to investigate the nature of the relationships.
An assessment was made based on a significant number of
palaeocurrent measurements taken throughout exposures
in this area, with a view into explaining the evolution of
the fans.
4. Materials and methods
The study was based on outcrop descriptions and
palaeocurrent measurements along both submarine fans
(Western and Eastern fans) in the Cingöz Formation. Field
data included a detailed description of 42 exposures in
the area (purple circles in Figure 1) and construction of
sedimentary logs on a scale of 1:20. These data were used
to perform facies and stratigraphic analyses involving
different lithofacies, facies associations, and bounding
surfaces. The sedimentological descriptions in this
study were supported by photomosaics to reconstruct
the depositional architecture of different intervals of the
successions. These panels assisted greatly with the largerscale observations of a) lateral and vertical facies relations
within the depositional system and b) vertical changes
within the sedimentation style.
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Figure 7. Depositional context for both fans: a) Western Fan sedimentation and 1 associated sedimentary log; b) Eastern Fan
sedimentation and interfingering with the Western Fan. The latter is represented by 1 log and the eastern part of the fan is represented
by 1 log with 80 palaeocurrent measurements, showing the main pattern for the current ripple lamination and flutes. Modified from
Cronin et al. (2000).
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Figure 8. a) Schematic vertical section based on the Gülbaş-2 Well (see Figure1A for its location) showing alluvial deposits at the
base (Gildirli Formation), overlain by channel and inner fan (520 m), middle fan (155 m), and outer fan with lobe (1200 m) deposits,
capped by basin plain sediments (~1000 m) of the Güvenç Formation (Satur et al. (2007); b) Temporal and spatial development of the
Eastern Fan (redrawn from Satur et al., 2007); c) Seismic lines photographed between 1986 and 1988 in the Adana Basin displaying the
aggradational nature of reflectors for megasequence 2 (Cingöz Formation). Adapted from Gürbüz (1999), after Ünlügenç (1993) and
Williams et al. (1995).

5. Results
5.1. Palaeocurrent analysis
In this study, a total of 952 palaeocurrent measurements
were obtained from the Western and Eastern fans. Of
these, 335 were taken from current ripples, 405 from
flute marks, 211 from groove marks, and 1 from clast
imbrication. Palaeocurrent measurements taken in the
field of study, especially where the 2 fans are thought
to overlap, are critical in this interpretation. The most
important palaeocurrent indicators in the studied area
are flute casts and current ripple laminations, followed
by groove marks. From these measurements, 2 main
groups of current direction data were obtained. One of

these indicated that the main feeder system is located to
the west, which represents the Western Fan, and the other
group indicated that the palaeocurrent direction is from
the NE to SW, which represents the Eastern Fan. Detailed
measurements, however, revealed that the current ripple
laminations showed a predominantly SE palaeocurrent
direction, while flute casts showed mostly a north-easterly
direction (Figures 9–11). The palaeocurrent analysis
in this study showed that palaeocurrent directions in
thicker beds diverged from palaeocurrent directions in
TBTs, suggesting the interaction of currents with laterally
confining slopes or overspill onto levees, where TBTs are
most commonly found.
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Table 2. Main characteristics in the Western and Eastern fans. Based on Naz et al. (1991), Gürbüz (1993), Demircan and Toker (2003),
and Satur (1999).

Characteristics

Western Fan

Eastern Fan

Areal extent

~150 m2 exposed

~750 m2 exposed

Thickness

<1500 m

<3000 m

Feeder system

1 sand-rich fairway

1 main channel and 3 distributaries

Grain size dominance

Conglomerate/coarse sandstone

Fine sandstone

Source

NW

N, NW, and W

Deposition time

Late Burdigalian–Serravallian

Late Burdigalian–Serravallian

Structural control

Channel confinement; basin confinement
to the south and north

Channel confinement; basin confined to
the north and northeast

Ichnofossil assemblages

Cruziana

Mixed and Nereites

Environmental conditions

Eutrophic (high organic productivity)

Oligotrophic (low organic productivity)

Bathymetry

Sublittoral (water depth ~200 m)

Abyssal (water depth 500 to ~2000 m)

Figure 9. Rose diagrams giving the flow directions in the Cingöz Formation obtained from the palaeocurrent analyses in this study. The
a and b reflect the measurements taken from thin- and thick-bedded sandstones (CRL = current ripple lamination), while c represents
only the flow directions that were collected from the CRLs; d) The rose diagrams here reflect only the data of the sole marks.
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Figure 10. Palaeocurrent distribution in the Western and Eastern fans along with the measurement locations and dominant current
direction at these points. a) Dominant directions measured from the current ripple laminations (CRLs); b) Distribution of dominant
directions obtained from the sole marks.
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Figure 11. Pie charts drawn based on the palaeocurrent data. The larger pies at the top represent the percentage of palaeocurrent
measurements in the 4 quadrants for the whole Cingöz Formation. The smaller pies below display the percentage ratios of the
measurements taken from the sole marks (the ones on the left) within each quadrant and from the CRLs (the ones on the right),
distributed according to the thin- and thick-bedded sandstones; c-d) Photos of the sole marks in thin (c) and thick (d) beds; e-f) Photos
of the current ripple laminations in thin (e) and thick (f) beds. Hammer = 33 cm; pen = 12.5 cm.
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It has been reported that TBT deposits in the Western
Fan are associated with overbank deposits representing
the upper part of the flow in relation to the topographic
high confining of the fan (Satur, 1999). This explains why
the CRL measurements showed a SE direction, possibly
because the measurements were mostly taken from TBTs
(Figures 9a and 9b).
Palaeocurrent measurements obtained from CRL and
sole marks in the Eastern Fan from the proximal region
(inner fan) did not show any directional difference, but
they all showed a SE direction. However, there were only
differences between these 2 data in the eastern middle fan
in terms of representing different flow directions (Figures
9c and 9d).
Palaeocurrent direction measurements of the
interfingering zone between the 2 fans provided a current
direction to the east, as shown in Figure 10 (the blue
circle adjacent to the Cingöz village). The data from the
sole marks in the Western Fan and the eastern sections of
the Eastern Fan indicated that the main current direction
is towards the NE (Figure 10b). Those palaeocurrent
indicators showing a south-easterly direction are rare in
the axial parts of the Western Fan, and all of the proximal
Eastern Fan, and even less to the south. Measurements
from the sole marks seen in the Sanibey Dam and Aladağİmamoğlu road cut, which represent 65% of the total
measurements in the east, indicated a north-easterly
direction (Figure 11). Figure 11 shows the predominance
of current ripple laminations in TBTs, which are more
abundant than palaeocurrent indicators in thick beds.
6. Discussion
6.1. Palaeocurrent interpretation
The main palaeocurrent analysis revealed that directions
measured from CRLs and sole marks in the same bed
were rarely the same, and this was particularly true in
beds from the eastern part of the Eastern Fan, close to
the laterally confining slope to the north. There was very
little difference between these flow direction values, where
only 15% of them showed a difference of >90° and the
others were narrower in range. For example, near Eğner
village adjacent to the palaeo-slope, some measurements
indicated south-westerly flows, while others indicated that
the current was towards the northwest. In fact, the main
and dominant palaeocurrent flow in this area is towards
the southeast and northeast (Figures 9a–9c).
These diverted directions in the eastern section of the
Eastern Fan may have been caused by 2 different controls.
The first of these is related to the fact that it is very far away
from the feeder system. As the main current body continued
to flow in a north-easterly direction against a topographic
high, the uppermost part of the flow, carrying fine-grained
sediments, overtopped the topographic barrier to the SSE,

perhaps being affected by the Coriolois Force (Sinclair and
Tomasso, 2002; Amy et al., 2007; Marini et al., 2015), or
even contour currents. The second possibility is that the
turbidites in the eastern parts of the Eastern Fan do not
actually belong to the Eastern Fan, but represent the distal
parts of the Western Fan. This would mean that the central
parts of the Western Fan are interfingered with turbidites
fed from Eastern Fan feeders (Figure 10), from northsouth. This possibility was supported by the fact that the
flow direction indicators, such as the flute marks taken
from the sole marks as shown in Figure 10, showed that
the palaeocurrent direction was towards the southeast.
6.2. Overlapping/interfingering fans
Submarine fans can overlap or interfinger if the proximity,
topography, and duration of deposition allow. The Cingöz
Formation, which has 2 main feeder systems, is a good
example of 2 overlapping partly coeval systems. The fact
that these 2 fans formed at the same time is a critical factor
because they interfinger and overlap with each other
(Nazik and Gürbüz, 1992). Recognition of the Globorotalia
Mayeri biozone continued sedimentation in both fans for
4–5 million years; the Western Fan probably stopped in
the Middle Serravallian, but the Eastern Fan continued its
development until the end of the Serravallian (Nazik and
Gürbüz, 1992).
From measured stratigraphic sections and
palaeocurrent data, it is not possible to identify any tectonic
structure that would have caused a topographic barrier
between these 2 fans. Hence, considering the depositional
ages and the absence of a clear tectonic structure, both fans
are thought to have been interfingered for most of their
development.
In this study, 2 locations were identified between these
2 fans where the interfingering is seen. The palaeocurrent
data measured at these 2 points formed 2 groups, which
showed a palaeocurrent direction in different directions
from each other.
The youngest phase of the Eastern Fan (Serravallian)
was deposited on the Western Fan (Figure 12), as the
uppermost interval of the turbidite sequence around
Cingöz village showed predominantly south-westerly–
south–south-easterly directions (Figures 10–13). It was
therefore interpreted that the Western Fan acted as a
topographic high during the deposition of the last phase
of the Eastern Fan, and consequently diverted currents
eastwards, causing the lobes of the Eastern Fan to form in
the east.
6.3. Evolution of the Cingöz Formation
After the first general geological map made by Yetiş (1988)
of the Adana Basin, Gürbüz (1993) mapped the Cingöz
Formation in detail for the first time, and examined its
sedimentology. Later, in this formation, Satur (1999)
and Satur et al. (2005, 2007) conducted more detailed
sedimentological studies on the fans. The current study will
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Figure 12. Schematic representation of the interpretation of the stratigraphic relationship between the 3 different outcrops in the
interactive zone where the Western and Eastern fans are in relation to each other and have different palaeocurrent directions: a) Google
Earth image showing the locations of these 3 different outcrops and their main palaeocurrent directions. b) I, II, and III are representative
photos of these 3 outcrops, respectively; c) A projected drawing to show the stratigraphic positions occupied by each succession. Orange
arrows point to the east-southeast, while yellow indicates the south. The blue plan view highlights the dips of the Western (orange) and
Eastern (yellow) fan blocks.

hopefully contribute to previous studies on the evolution
and interaction of fans, considering the new data, and will
further enhance the geological map (Figure 13).
A total of around 952 palaeocurrent measurements
obtained along the new road cuts from various sedimentary
structures in turbidites that formed the Eastern Fan
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and Western Fan have contributed significantly to the
understanding of the evolution of the final stages of the
Cingöz Formation. Figure 14, which was constructed by
combining the data obtained in this study and the data
from the literature review, based on previous studies,
briefly illustrates this evolution.
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Figure 13. Palaeocurrent map created by compiling all of the palaeocurrent data from the measurements in this study, shown on the
Google Earth image, and transferring them onto the geological map. The arrows represent the average of the directions of the currents
at each point.

Figure 14a, which shows the first stage in the Late
Burdigalian (the age at which the unit began its initial
deposition), was drawn from the data of Satur (1999)
and Satur et al. (2007). Figure 14b represents the second

stage and was schematised based on a reconstruction
using the palaeocurrent data collected from the tongueshaped turbidite deposits of the Western Fan, and from
onlap relationships. The Figures 14c-I and 14c-II represent
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Figure 14. Evolution of the Cingöz Formation: a) Stage 1 (Late Burdigalian): In early progradational succession, the topography affects
the inception of both fans. In this initial phase, the water depth of the environment where the Western Fan began to develop is relatively
shallower than the other. The Eastern Fan delivers coarse-grained sediments further south, following the topographic lows. These
sediments were sampled in the Gülbaş 2-Well. The onset of incision and the relative confinement in the Western Fan was controlled by
a structural topographic high (adapted from Satur et al., 2007); b) Stage 2 (Langhian-Serravallian): Progradation of the entire system: At
this stage, the Eastern Fan feeder system, consisting of 4 channels, sends sediments to the south, mostly via Channel 1, and to the eastnortheast through Channels 3 and 4. The deposition of the Western Fan tongues was probably guided by extensional faulting with an
ENE-WSW direction, which extended northeast of the basin to where it was interfingered with the Eastern Fan; c) Stage 3 (Serravallian):
Evolution of the Cingöz Formation: Retrogradation and final stage. The system started to retrograde when the lobes were deposited
at the late stages of the Western Fan (Satur et al., 2007). The Eastern Fan is still active, following 2 alternative evolutionary paths:
Alternative c-I shows that the sediments of the Eastern Fan, which were mostly transported to the SSE by Channel 1, were deposited
over the tongues of the Western Fan (around Cingöz and Filikli villages). It is shown in alternative c-II that sediments transported in
a ENE direction via Channels 3 and 4 were diverted by tongues of the Western Fan, where only fine-grained sediments could bypass
the tongues to the south. The lowermost cross-sectional cartoon shows a schematic interpretation of the 13 lobes of the Eastern Fan
deposited in a semiconfined setting.
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the third stage, and provides a model for 2 alternative
palaeogeographic settings during the final stage of the
development of these 2 fans:
1) In the first hypothesis (Figure 14c-I), the source area
was to the northeast (as indicated by the south–southeasterly flow direction obtained from the palaeocurrent
data in the central parts of the system), and the turbidites
located to the eastern parts of the Eastern Fan are
represented by tongue-shaped bodies belonging to the
Western Fan that will eventually turn into lobes.
2) In the second hypothesis (Figure 14c-II), the idea
is that Channel 4 was the source of turbidites deposited
in areas east of Eastern Fan. The suggestion in this model
is that these deposits were diverted by buried tongueshaped bodies, the eastern continuation of the Western
Fan, and hence that fine-grained sediments were funnelled
eastwards. The similarity of the building blocks of the
lobes in the east with previously deposited turbidites in
the south suggests that palaeocurrents were later diverted
to the east, as the Western Fan acted as a topographic high.
Satur (1999) suggested subsurface analogues for
the Cingöz Formation (Western and Eastern fans),
distinguishing them on the basis of differences in the
degree of confinement and differing feeder systems. The
Western Fan was compared with the Crati Fan, in the
Corigliona Basin (Ionian Sea, western Mediterranean),
which is a small fan (70 m2) with elongate lobes that
developed in an active margin. The Eastern Fan was
compared with fields in the North Sea, where the Brae and
T-Block fields were used as analogues for the gravel-rich
feeder system, whereas the Miller field was proposed as an
analogue for the lobes.
Based on the analysis of lobe architecture and
dimensions obtained in this study, the Eastern Fan was
comparable with the East Corsica lobes (Golo Fan), in the
Corsican Trough, developed in a confined depression (but
mainly frontal confinement) under a water depth of 900 m.
7. Conclusions
Palaeocurrent analysis was critical to understanding the
lobe evolution of a deep-marine system characterised by
the interaction of 2 fans in the Cingöz Formation. The
feeder systems are represented by 2 main palaeocurrent
directions, one from the west and the other from the
northeast (Western and Eastern fans, respectively). This
study showed that the fans were built by currents with

more complex patterns than previously thought. Instead,
different flows interacted with each other over time,
causing a diversion in the flow directions and resulting
in the complex evolution of the fans.
Systematic sedimentological and palaeocurrent
analysis on thin-bedded sandstones showed an overall
palaeocurrent direction towards the southeast. In the
Western Fan, this was due the presence of a topographic
high extending approximately east-west and limiting
the fan to the south. Consequently, the upper levels of
the current flowed to the southeast to form overbank
deposits, as suggested in previous studies.
Construction of the Eastern Fan may be explained by
2 alternatives. Since the Eastern Fan is farther away from
the source area, as time progressed, the partition of the
current may have led to increased divergence between
the different palaeocurrent indicators, with the upper
sections of the flow overtopping topographic highs
and continuing towards the southeast. Alternatively, in
contrast to previous studies, the eastern section of the
Eastern Fan may represent the eastern distal part of the
Western Fan. Data obtained from locations around the
Cingöz village revealed that at least the final phase of
the Eastern Fan was deposited onto the tongue-shaped
deposits of the Western Fan. This was interpreted as
the Western Fan acting as a topographic high, diverting
the current direction of the Eastern Fan towards the
east, where the associated lobes were formed. Stratal
terminations were used to explain the relationship
between the lobes and slope, and the lobe limits were
used to draw paleogeographic models, based on lobe
characteristics parallel to the slope and the frontal
upslope progression.
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